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(57) ABSTRACT

A hybrid vehicle includes an iternal combustion engine, an
exhaust passageway, and a driving system having a firstand a
second motors and a housing which houses the first and the
second motors. The driving system 1s disposed further rear-
wards than the internal combustion engine 1n a front-rear
direction of the vehicle. The exhaust passageway extends
from the internal combustion engine towards a rear side of the
vehicle and 1s disposed so as to surround: a first plane passing
through a front end of the housing and perpendicular to the
front-rear direction; a second plane passing through a rear end
of the housing and perpendicular to the front-rear direction; a
third plane passing through a left end of the housing and
perpendicular to a left-right direction; and a fourth plane
passing through a right end of the housing and perpendicular

to the left-right direction.
19 Claims, 13 Drawing Sheets
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1
HYBRID VEHICLLE

TECHNICAL FIELD

The present invention relates to a hybrid vehicle and more
particularly to a hybrid vehicle which includes an internal

combustion engine and a driving system having a motor and
disposed away from the internal combustion engine.

BACKGROUND ART

A hybnd vehicle 1s devised in which front wheels are
driven by an 1nternal combustion engine and rear wheels are
driven by a motor. In this hybrid vehicle, an exhaust pipe,
which extends from the internal combustion engine in a front-
rear direction of the vehicle, 1s disposed on the opposite side
to a battery unit and a power drive across a fuel tank, and so
the power driving unit and a cooling system can be prevented
from being badly affected by heat from the exhaust pipe (for
example, refer to Patent Literature 1).

In addition, conventionally, 1n a vehicle 100 described in
Patent Literature 2, as shown in FIG. 11, power generated
from an engine 101 1s transmitted to front wheels FR, FL. via
a transmission 103 to drive the front wheels FR, FL, and rear
wheels RR, RL are driven individually by motors MRR, MRL
which incorporated 1n the rear wheels. The motors MRR,
MRL are so-called in-wheel motors and each includes a trac-
tion motor, a cooling mechanism 102, a speed reducing
mechanism and the like. The cooling mechanism 102
includes cooling lubricant, an o1l pump, an o1l cooler and the
like, which are all not shown. When there 1s a need to cool the
traction motors, the supply amount of the cooling lubricant 1s
controlled as required to cool the traction motors. Addition-
ally, an exhaust pipe 104 for discharging exhaust gas extends
from the engine 101 which 1s mounted at a front side of the
vehicle towards the rear side of the vehicle and branches to the
left and right sides at a rear part of the vehicle. Since the
temperatures or the cooling performances of the motors
MRR, MRL are affected when the exhaust pipe 104 1s heated
to a high temperature, 1t 1s described that the supply amount of
the cooling lubricant to the motors MRR, MRL is controlled
according to the calorific value of the engine 101.

RELATED ART REFERENCES

Patent Literatures

Patent Literature 1: JP-A-2002-144888 (FIG. 2)
Patent Literature 2: JP-A-2011-97706

SUMMARY OF THE INVENTION

Problem that the Invention 1s to Solve

Incidentally, 1n a hybrid vehicle, 1t 1s presumed that a motor
1s warmed up when the vehicle 1s used 1n extremely low
temperature conditions. In the hybrid vehicle described in
Patent Literature 1, according to the arrangement described
above, the exhaust pipe 1s disposed close to the motor and a
differential. However, the temperature raising etlect by the
heat of the exhaust pipe 1s not taken 1nto consideration, and a
turther improvement 1s desired to obtain a suificient tempera-
ture raising effect.

In the vehicle 100 described 1n Patent Literature 2, when
attempting to raise the temperature of the oil pump of the
cooling mechanism 102 by the heat of the exhaust pipe 104
while the vehicle 1s running, since the flow of running air hits
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2

directly the o1l pump, not only 1t becomes diificult to obtain
the temperature raising effect, but also there are fears that the

o1l pump 1s cooled excessively to increase the resistance of the
o1l pump.

The mvention has been made 1n view of the problems, and
an object thereof 1s to provide a hybrid vehicle which canraise
the temperature of a driving system having a motor with good
eificiency by the heat of exhaust gas which passes through an
exhaust pipe.

Means for Solving the Problem

In order to achieve the above-mentioned object, the inven-
tion according to claim 1 1s characterized by a hybrid vehicle
(e.g., a vehicle 3 1n embodiment) including:

an iternal combustion engine (e.g., an internal combus-
tion engine 4 1n embodiment);

an exhaust passageway (e.g., an exhaust passageway 80 1n
embodiment) through which exhaust gas of the internal com-
bustion engine passes; and

a driving system (e.g., a rear wheel driving system 1 1n
embodiment) having:

a first and a second motors (e.g., a first and a second motors
2A, 2B in embodiment) which are connected to wheels
(e.g., a left and rnight rear wheels LWr, RWr 1n embodi-
ment) of the vehicle to enable to transmit power; and

a housing (e.g., a case 11 in embodiment) which houses the
first and the second motors and disposed away from the
internal combustion engine, wherein:

the driving system 1s disposed further rearwards than the
internal combustion engine 1n a front-rear direction of the
vehicle; and

the exhaust passageway extends from the imnternal combus-
tion engine towards a rear side of the vehicle and 1s disposed
sO as to surround:

a first plane (e.g., a first plane S1 1n embodiment) which
passes through a front end of the housing and which 1s per-
pendicular to the front-rear direction of the vehicle;

a second plane (e.g., a second plane S2 1n embodiment)
which passes through a rear end of the housing and which 1s
perpendicular to the front-rear direction of the vehicle;

a third plane (e.g., a third plane S3 1n embodiment) which
passes through a left end of the housing and which 1s perpen-
dicular to a left-right direction of the vehicle; and

a fourth plane (e.g., a fourth plane S4 1n embodiment)
which passes through a right end of the housing and which 1s
perpendicular to the left-right direction of the vehicle.

In the mvention, although the exhaust passageway 1s
described so surrounding the first plane to the fourth plane,
the exhaust passageway may be formed so as to surround at
least part of each of the planes. Namely, the exhaust passage-
way may have portions opposite to at least part of each of the
planes.

Further, the invention according to claim 2 1s characterized
in that, 1n addition to the configuration according to claim 1,

the exhaust passageway 1s connected to the internal com-
bustion engine at one end portion thereol and includes:

a first exhaust passageway (e.g., a first exhaust passageway
81A 1n embodiment) which passes through a far side of the
first motor 1n relation to the second motor 1n an alignment
direction of the first and the second motors; and

a second exhaust passageway (e.g., a second exhaust pas-
sageway 81B 1n embodiment) which passes through a far side
ol the second motor in relation to the first motor 1n the align-
ment direction.

Further, the invention according to claim 3 1s characterized
in that, 1n addition to the configuration according to claim 2:
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the first exhaust passageway and the second exhaust pas-
sageway 1nclude a common portion (€.g., a common portion
89 in embodiment) where the first and the second exhaust
passageways form a common tlow path at a portion closer to
the internal engine than to the first plane; and the common
portion 1s disposed at a position intersecting with an 1magi-
nary plane (e.g., an imaginary plane P in embodiment) which
1s perpendicular to the alignment direction of the first and the
second motors and which 1s disposed at an equal distance
from the first and the second motors.

Further, the invention according to claim 4 1s characterized
by, 1n addition to the configuration according to claim 3,
turther including an o1l pump (e.g., an o1l pump 70 1n embodi-
ment) which 1s disposed on an outer surface (e.g., a front side
surface 11/ 1n embodiment) of the driving system and which
can recerve heat from the exhaust passageway, wherein

the o1l pump 1s disposed 1n a rear horizontal projection area
(e.g., a rear horizontal projection area P1 1n embodiment) of
the common portion.

Further, the invention according to claim 3 1s characterized
in that, 1n addition to the configuration according to claim 4,

the exhaust passageway, the o1l pump and the driving sys-
tem are disposed in this order from a front side 1n the front-
rear direction.

Further, the invention according to claim 6 1s characterized
in that, 1n addition to the configuration according to claim 4 or
S,

the exhaust passageway and a surface (e.g., a front surface
70a 1n embodiment) of the o1l pump which 1s directed to a
front side 1n the front-rear direction are disposed opposite to
cach other.

Further, the invention according to claim 7 1s characterized
in that, 1n addition to the configuration according to any of
claims 4 to 6,

at least a portion of the exhaust passageway which 1s posi-
tioned further forwards 1n the front-rear direction than a sur-
face of the o1l pump which 1s directed to a front side 1n the
front-rear direction 1s disposed further downwards than a
lowermost surface (e.g., a vertically lowermost surface L 1n
embodiment) of the o1l pump 1n a vertical direction.

Further, the invention according to claim 8 1s characterized
in that, 1n addition to the configuration according to claim 7,

the exhaust passageway 1s formed so as to be inclined in the
front-rear direction so that a side closer to the oil pump 1s
lower than a side closer to the internal combustion engine 1n
the vertical direction, at a portion which 1s further forwards in
the front-rear direction than the surface of the o1l pump which
1s directed to the front side 1n the front-rear direction.

Further, the invention according to claim 9 1s characterized
in that, 1n addition to the configuration according to any of
claims 4 to 8,

a surface (e.g., the front surface 70a 1n embodiment) of the
o1l pump which 1s directed to a front side in the front-rear
direction 1s formed so as to have a plane perpendicular to the
front-rear direction.

Further, the mmvention according to claim 10 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 4 to 9:

a diameter-expanded portion (e.g., a diameter-expanded
portion 88 1n embodiment) where the exhaust passageway 1s
expanded radially 1s provided along the exhaust passageway
in a position which is further forwards than the o1l pump 1n the
front-rear direction; and

the o1l pump 1s disposed 1n a rear horizontal projection area
(e.g., a rear horizontal projection area P2 1n embodiment) of
the diameter-expanded portion 1n addition to the rear hori-
zontal projection area of the common portion.
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4

Further, the invention according to claim 11 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 4 to 10,

the o1l pump 1s disposed outside an upper vertical projec-
tion area (e.g., an upper vertical projection area P3 1n embodi-
ment) of the exhaust passageway.

Further, the invention according to claim 12 1s character-
ized 1n that, in addition to the configuration according to
claim 11,

the o1l pump 1s constituted by an electric o1l pump which 1s
clectrically driven.

Further, the invention according to claim 13 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 2 to 12,

the internal combustion engine 1s disposed 1n a position
intersecting with an 1imaginary plane which 1s perpendicular
to the alignment direction of the first and the second motors
and which 1s disposed at an equal distance from the first and
the second motors.

Further, the invention according to claim 14 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 1 to 13:

the driving system further includes a first and a second
speed changers (e.g., a first and a second planetary gear type
speed reducers 12A, 12B 1n embodiment) in addition to the
first and the second motors:

the first motor and the first speed changer are connected to
a left wheel (e.g., a left rear wheel LWr 1n embodiment) of the
vehicle to enable to transmit power;

the second motor and the second speed changer are con-
nected to a right wheel (e.g., a right rear wheel RWr 1n
embodiment) of the vehicle to enable to transmit power;

the first motor 1s disposed on a left side 1n the left-right
direction, and the second motor 1s disposed on a right side 1n
the left-right direction; and

the first and the second speed changers are disposed 1nside
the first and the second motors 1n the left-right direction.

Further, the invention according to claim 15 1s character-
ized 1n that, 1n addition to the configuration according to
claim 14:

respective rotational axes of the first motor, the first speed
changer, the second motor, and the second speed changer are
disposed on a same axis (e.g., an axis X in embodiment);

the first speed changer 1s disposed on a power transmission
path between the first motor and the left wheel;

the second speed changer 1s disposed on a power transmis-
sion path between the second motor and the right wheel;

a power transmission path between the first motor and the
first speed changer has a hollow structure (e.g., a cylindrical
shaft 16 A 1n embodiment);

a power transmission path between the first speed changer
and the left wheel 1s imnserted through an inside of the hollow
structure;

a power transmission path between the second motor and
the second speed changer has another hollow structure (e.g.,
a cylindrical shait 16B in embodiment); and

a power transmission path between the second speed
changer and the right wheel 1s 1nserted through an 1nside of
the another hollow structure.

Further, the invention according to claim 16 1s character-
ized 1n that, in addition to the configuration according to
claim 15,

the first and the second speed changers are planetary gear
mechanisms.

Further, the invention according to claim 17 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 14 to 16,
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the first and the second speed changers are formed by
connecting together at least one element which constitutes the
first speed changer and at least one element which constitutes
the second speed changer.

Further, the mmvention according to claim 18 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claams 1 to 17,
the exhaust passageway 1s disposed so as to define a gap
with respect to the housing over an entire length thereof.

Further, the mnvention according to claim 19 1s character-
1zed 1n that, 1n addition to the configuration according to any
of claims 1 to 18,

the internal combustion engine 1s connected to wheels of
the vehicle to enable to transmit power.

Advantage of the Invention

According to the invention of claim 1, the exhaust passage-
way 1s disposed so as to surround the four circumierential
surfaces of the housing. This enables the housing to be
warmed up from the four sides by the heat of the exhaust
passageway, thereby making it possible to raise the tempera-
tures of the first and second motors which are installed in the
housing.

According to the mvention of claim 2, the first exhaust
passageway and the second exhaust passageway are disposed
parallel on the first motor side and the second motor side of
the driving system. In comparison with a situation where the
first exhaust passageway and the second exhaust passageway
are disposed 1n series on the first motor side and the second
motor side of the driving system, this arrangement enables the
housing to be warmed up while reducing the difference 1n the
heat recerving amount in the alignment direction of the first
motor and the second motor.

According to the invention of claim 3, since the common
portion 1s disposed 1n the position at an equal distance from
the first and second motors and closer to the internal combus-
tion engine than to the first and second motors, the heat
receiving amount of the first and second motors can be even.

According to the mvention of claim 4, the o1l pump 1s
disposed 1n the rear horizontal projection area of the common
portion. This enables the running air warmed up by the heat of
the exhaust passageway to flow to the rear side to hit the o1l
pump while the vehicle 1s running, whereby the temperature
of the o1l pump can be raised effectively. Additionally, when
the vehicle 1s stopped, the heat of the exhaust passageway
rises vertically, and this can prevent an excessive heat from
transmitting to the o1l pump.

According to the invention of claim 3, the driving system 1s
not disposed on the front side of the o1l pump, and this can
prevent the driving system from interrupting the heat trans-
mission from the exhaust passageway and disrupting the tem-
perature increase of the o1l pump.

According to the imnvention of claim 6, the exhaust passage-
way and the o1l pump are disposed opposite to each other
without other members interposed therebetween, and this
prevents the heat of the exhaust passageway from being inter-
rupted by the other members, whereby the heat from the
exhaust passageway can be transmitted to the oil pump in an
ensured mannet.

According to the mvention of claim 7, while the vehicle 1s
running, the running air warmed up by the heat of the exhaust
passageway rises while flowing to the rear side, and therefore,
in comparison with a situation where the exhaust passageway
1s disposed further upwards than the lowermost surface of the
o1l pump 1n the vertical direction, the portion which can
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receive the heat of the o1l pump 1s increased, whereby the
whole of the o1l pump can be warmed up with good efficiency.

According to the mvention of claim 8, 1n comparison with
a situation where the exhaust passageway 1s formed horizon-
tally, the rear horizontal projection area of the exhaust pas-
sageway can be increased. Additionally, in comparison with a
situation where the exhaust passageway 1s formed so as to be
inclined 1n such a way that the side thereof which 1s posi-
tioned far away from the o1l pump 1s disposed further down-
wards than the other side, the o1l pump can receive more of the
running air which 1s warmed up by the exhaust passageway to
rise from a lower side thereol, whereby the temperature of the
o1l pump can be increased with good elliciency.

According to the invention of claim 9, the running air
warmed up by the exhaust passageway hits the front surface
of the o1l pump, whereby the temperature of the o1l pump can
be increased with good efliciency.

According to the invention of claim 10, the o1l pump can be
warmed up by the heat of both the common portion and the
diameter-expanded portion.

According to the invention of claim 11, the o1l pump 1s not
disposed above the exhaust passageway, and therefore, the
heat rising vertically from the exhaust passageway while the
vehicle 1s stopped does not hit the o1l pump. Consequently, 1t
1s prevented that the viscosity of o1l 1n the o1l pump 1s reduced
extremely low as a result of the o1l pump being overheated
while the vehicle 1s stopped.

According to the invention of claim 12, the o1l pump 1s not
heated directly while the vehicle 1s stopped, whereby it 1s
possible to prevent a reduction 1n performance of a motor of
the o1l pump.

According to the invention of claim 13, since the internal
combustion engine 1s disposed on a central dividing plane of
the driving system, the lengths of the first and second exhaust
passageways can be made substantially the same, whereby

the heat receiving amount of the first and second motors can
be made even.

According to the mvention of claim 14, since the first and
second motors are disposed side by side in the left-right
direction, in comparison with a situation where the first and
second motors are disposed side by side in the front-rear
direction, the difference in the heat recerving amount of the
first and second motors can suppressed to a low level,
whereby the first and second motors can receive heat evenly.

In addition, 1n general, a motor has more elements per unit
space than a transmission. Since the motors which have more
clements per unit space 1n the housing are disposed laterally
outwards 1n the left-right direction, the motors can receive the
heat from the exhaust passageway elficiently.

According to the invention of claim 15, the rotational axes
of the four rotational members are made to coincide by the
hollow structures, thereby making 1t possible to suppress the
radial enlargement of the housing. Additionally, since the first
and second motors can be disposed at an equal distance from
the exhaust passageway, the amounts of heatreceived thereby
can be even.

According to the invention of claim 16, the large reduction
gear ratio can be given 1n the compact configuration by using
the planetary gear mechanism.

According to the invention of claim 17, the first and second
motors which are in contact with the housing over larger
surface areas than the speed changers are connected by the
constituent elements of the first and second speed changers.
This enables heat to be transmitted between the first and
second motors, thereby making 1t possible to prevent only
either of the motors to be overheated.
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According to the mvention of claim 18, the exhaust pas-
sageway 1s prevented from being brought into contact with
the driving system over the entire length thereof, and hence,
the exhaust passageway includes no direct heat conductive
relationship with the driving system. This can prevent the
overheat of the first and second motors which would other-
wise be caused when the driving system recerves the exces-
s1ve heat.

According to the mvention of claim 19, the internal com-
bustion engine which 1s connected to the exhaust passageway
which warms up the housing constitutes the driving source of
the vehicle. This enables the temperatures of the motors to be
increased by the heat of the internal combustion engine which
1s generated when the imnternal combustion engine generates a
driving force which drnives the vehicle, this obviating the
necessity ol a separate heating member such as a heater.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of a hybrid vehicle
according to a first embodiment of the invention.

FIG. 2 1s a vertical sectional view of a rear wheel driving
system.

FI1G. 3 1s a partially enlarged view of an upper portion of the
rear wheel driving system shown 1n FIG. 2.

FIG. 4 1s a perspective view of the rear wheel driving
system as seen obliquely from front side and lower side.

FIG. 5 1s a left side view showing the arrangement of an
exhaust passageway and the rear wheel driving system.

FIG. 6 1s a front view showing the arrangement of the
exhaust passageway and the rear wheel driving system.

FIG. 7 1s a bottom view showing the arrangement of the
rear wheel driving system and the exhaust passageway.

FIG. 8 1s a schematic block diagram of a hybrid vehicle
according to a modified example of the first embodiment.

FIG. 9 1s a bottom view showing the arrangement of a rear
wheel driving system and an exhaust passageway of a second
embodiment.

FIGS. 10A to 10C are schematic block diagrams of hybrid
vehicles according to other modified examples of the mven-
tion.

FIG. 11 1s a schematic block diagram of a conventional
vehicle.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, a hybrid vehicle having an internal combus-
tion engine disposed at a front portion of the vehicle and a
driving system which 1s disposed away from the internal
combustion engine at a rear portion of the vehicle will be
described based on the accompanying drawings as an
embodiment of the invention.

First Embodiment

As shown 1n FIG. 1, a hybrid vehicle 3 of this embodiment
has a driving system 6 (hereinafter, referred to as a front wheel
driving system) in which an internal combustion engine 4 and
a motor 5 are connected 1n series at a front portion of the
vehicle. Power of this front wheel driving system 6 1s trans-
mitted to front wheels W1 via a transmission 7, and power of
a driving system 1 (hereinafter, referred to as a rear wheel
driving system) which 1s provided separately from the front
wheel driving system 6 at a rear portion of the vehicle 1s
transmitted to rear wheels Wr (RWr, LWr). The rear wheel
driving system 1 includes a first and a second motors 2A, 2B,
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and power of the first motor 2A 1s transmitted to the left rear
wheel LWr, and power of the second motor 2B 1s transmitted
to the right rear wheel RWr.

The motor 3 of the front wheel driving system 6 and the first
and second motors 2A, 2B of the rear wheel driving system 1
are connected to a battery 9 via a PDU (Power Driving Unait)
8, so that electric power 1s supplied thereto from the battery 9
and the energy of the vehicle 3 1s recovered therein to be
stored 1n the battery 9 via the PDU 8. The PDU 8 1s connected
to an ECU 90 and controlled thereby.

Consequently, as shown 1n FIG. 1, the rear wheel driving
system 1 1s disposed further rearwards than the internal com-
bustion engine 4 1n relation to a front-rear direction of the
vehicle 3. Additionally, the internal combustion engine 4
which 1s connected to the front wheels W1 of the vehicle so as
to transmuit its power to the front wheels W1 1s disposed 1n a
position which intersects an imaginary plane P which 1s per-
pendicular to an alignment direction of the first and second
motors 2A, 2B and which 1s disposed at an equal distance
from the first and second motors 2A, 2B.

FIG. 2 shows a vertical sectional view of the whole of the
rear wheel driving system 1, and FI1G. 3 1s a partially enlarged
view ol an upper portion of FIG. 2. A case 11, which 1s a
housing of the rear wheel driving system 1, includes a central
case 11M which 1s disposed at a substantially central portion
in relation to a transverse direction of the vehicle (herematter,
also referred to as a left-right direction of the vehicle), and a
left side case 11A and a right side case 11B which are dis-
posed on left and right sides of the central case 11M so as to
sandwich the central case 11M therebetween. The case 11 has
a substantially cylindrical shape as a whole. Axles 10A, 10B
for the rear wheels Wr, the first and second motors 2A, 2B for
driving the axles, and a first and a second planetary gear type
speed reducers 12A, 12B as a first and a second speed chang-
ers which decelerate the driving rotations of these motors 2 A,
2B are housed 1n an mnside of the case 11. The first planetary
gear type speed reducer 12A 1s disposed on a power trans-
mission path between the first motor 2A and the left rear
wheel LWr, while the second planetary gear type speed
reducer 12B 1s disposed on a power transmission path
between the second motor 2B and the right rear wheel RWr.
The axle 10A, the first motor 2A and the first planetary gear
type speed reducer 12A are connected to the left rear wheel
LWr so that power 1s transmissible, and control the left rear
wheel LWr to be driven. Additionally, the axle 10B, the sec-
ond motor 2B and the second planetary gear type speed
reducer 12B are connected to the right rear wheel RWr so that
power 1s transmissible, and control the rnght rear wheel RWr
to be driven.

Respective rotational axes of the first motor 2A, the first
planetary gear type speed reducer 12A, the second motor 2B
and the second planetary gear type speed reducer 12B are
disposed so as to be aligned on the same axis x. The first motor
2A and the first planetary gear type speed reducer 12A are
disposed in this order from an outside of the vehicle 3 in the
left-right direction thereof. Additionally, the second motor 2B
and the second planetary gear type speed reducer 12B are
disposed 1n this order from the outside of the vehicle 3 1n the
left-right direction thereof. Consequently, the first and second
motors 2A, 2B are disposed outwards of the first and second
planetary gear type speed reducers 12A, 12B, respectively.
Then, the axle 10A, the first motor 2A and the first planetary
gear type speed reducer 12A, and the axle 10B, the second
motor 2B and the second planetary gear type speed reducer
12B are disposed laterally symmetrical with each other in
relation to the transverse direction of the vehicle 1n the hous-
ing.
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Partition walls 18 A, 18B which extend radially inwards are
provided on central case 11M side of the side cases 11 A, 11B,
and the first and second motors 2A, 2B are disposed between
the side cases 11A, 11B and the partition walls 18A, 18B
respectively. Additionally, the first and second planetary gear 53
type speed reducers 12A, 12B are disposed within a space
which 1s surrounded by the central case 11M and the partition
walls 18A, 18B. As shown 1n FIG. 2, 1in this embodiment, the
left side case 11 A and the central case 11M define a first case
11L which houses the first motor 2A and the first planetary 10
gear type speed reducer 12A, and the right side case 11B and
the central case 11M define a second case 11R which houses
the second motor 2B and the second planetary gear type speed
reducer 12B. Additionally, the first case 11L has a leit reser-
volr portion RL which reserves o1l (hereinafter, also referred 15
to as “lubricating 011”) which 1s used to lubricate and/or cool
at least one of the first motor 2A and the power transmission
path. The second case 11R has a rnight reservoir portion RR
which reserves o1l which 1s used to lubricate and/or cool at
least one of the second motor 2B and the power transmission 20
path.

In the rear wheel driving system 1, a breather device 40
which establishes a communication between the inside and
outside of the case 11 1s provided so that air in the inside of the
case 11 1s released to the outside via the breather chamber 41 25
to prevent the air from being heated to high temperatures or
being pressurized to high pressures 1n the inside of the case
11. The breather chamber 41 1s disposed at a vertically upper
portion 1n the case 11 and 1s constituted by a space defined by
an external wall of the central case 11M, a first cylindrical 30
wall 43 which extends substantially horizontally towards the
left side case 11A within the central case 11M, a second
cylindrical wall 44 which extends substantially horizontally
towards the right side case 11B, a left-right separating wall 45
which connects together inner end portions of the first and 35
second cylindrical walls 43, 44, a batile plate 47A which 1s
mounted so as to be brought into abutment with a distal end
portion of the first cylindrical wall 43 which faces the left side
case 11A, and a batlle plate 47B which 1s mounted so as to be
brought into abutment with a distal end portion of the second 40
cylindrical wall 44 which faces the right side case 11B.

In the first and second cylindrical walls 43, 44 and the
left-right separating wall 45 which define a lower surface of
the breather chamber 41, the first cylindrical wall 43 1s posi-
tioned further radially inwards than the second cylindrical 45
wall 44, and the left-right separating wall 45 extends to an
inner end portion of the first cylindrical wall 43 while bending
so as to be radially contracted from an 1inner end portion of the
second cylindrical wall 44, and extends further radially
inwards to reach a third cylindrical wall 46 which extends 50
substantially horizontally. The third cylindrical wall 46 1s
positioned further inwards than outer end portions of both the
first cylindrical wall 43 and the second cylindrical wall 44 and
substantially in the center therebetween.

In the central case 11M, the baille plates 47A, 478 are fixed 55
so as to divide a space defined between the first cylindrical
wall 43 and an external wall of the central case 11M or a space
defined between the second cylindrical wall 44 and the exter-
nal wall of the central case 11M from the planetary gear type
speed reducer 12A or the planetary gear type speed reducer 60
12B.

Additionally, an external communication passageway 49
which establishes a communication between the breather
chamber 41 and the outside thereotf 1s connected to a vertical
upper surface of the breather chamber 41 1n the central case 65
11M. A breather chamber side end portion 494 of the external
communication passageway 49 1s disposed so as to be
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directed vertically downwards. Consequently, the o1l 1s pre-
vented from being discharged to the outside through the exter-
nal communication passageway 49.

In the first and second motors 2A, 2B, stators 14A, 14B are
fixed to the side cases 11A, 11B, respectively, and annular
rotors 15A, 15B are disposed, respectively, on mner circum-
terential sides of the stators 14 A, 14B so as to rotate relatively
to the stators 14A, 14B. Cylindrical shaits 16A, 168 which
surround outer circumferences of the axles 10A, 10B are
connected to inner circumierential portions of the rotors 15A,
15B, respectively, and the cylindrical shafts 16 A, 16B are
supported in end walls 17A, 17B of the side cases 11A, 11B
and the partition walls 18A, 18B via bearings 19A, 19B in a
manner permitting relative rotation respectively coaxial to the
axles 10A and 10B. Namely, in this embodiment, the power
transmission path between the first motor 2A and the first
planetary gear type speed reducer 12A has a hollow structure
by the cylindrical shait 16 A, and the axle 10 A which consti-
tutes the power transmission path between the first planetary
gear type speed reducer 12A and the left rear wheel LWr 1s
inserted through an inside of the hollow structure. Similarly,
the power transmission path between the second motor 2B
and the second planetary gear type speed reducer 12B has an
another hollow structure by the cylindrical shaft 16B, and the
axle 10B which constitutes the power transmission path
between the second planetary gear type speed reducer 12B
and the right rear wheel RWr 1s 1nserted through a inside of
the another hollow structure. Additionally, resolvers 20A,
20B, which are configured to feed back information on rota-
tional positions of the rotors 15A, 15B to a controller (not
shown) which controls the motors 2A, 2B, are provided on
outer circumierences of ends of the cylindrical shafts 16A,
16B and on the end walls 17A, 17B.

The first and second planetary gear type speed reducers
12A,12B include sun gears 21A, 21B, a plurality of planetary
gears 22A, 22B which mesh with the sun gears 21, planetary
carriers 23A, 23B which support the planetary gears 22A,
228, and ring gears 24 A, 24B which mesh with outer circum-
terential sides of the planetary gears 22A, 22B. Driving forces
of the motors 2A, 2B are imnputted from the sun gears 21A,
21B, and the driving forces which are decelerated are output-
ted from the axles 10A, 10B via the planetary carriers 23 A,
23B.

The sun gears 21 A, 21B are formed integrally on the cylin-
drical shafts 16 A, 16B. Additionally, the planetary gears 22 A,
228 are double pinions having first pinions 26 A, 26 B which
are larger in diameter and which mesh directly with the sun
gears 21A, 21B and second pinions 27A, 27B which are
smaller 1n diameter than the first pinions 26 A, 26B. The first
pinions 26A, 26B and the second pinions 27A, 27B are
formed 1ntegrally so as to be concentric and offset 1n an axial
direction. The planetary gears 22A, 22B are supported on
pinion shafts 32A, 32B of the planetary carriers 23 A, 23B via
needle bearings 31A, 31B. Axial imnner end portions of the
planetary carriers 23 A, 23B extend radially inmwards and are
spline fitted on the axles 10A, 10B, whereby the planetary
carriers 23A, 23B are supported on the axles 10A, 10B so as
to rotate together. The planetary carriers 23A, 23B are also
supported in the partition walls 18A, 18B via bearings 33 A,
33B.

The ring gears 24 A, 24B include gear portions 28A, 28B
which mesh with the second pinion gears 27A, 278, which
are smaller 1n diameter, on 1nner circumferential surfaces
thereol, small diameter portions 29A, 29B which are smaller
in diameter than the gear portions 28A, 28B and which are
disposed opposite to each other in a middle position of the
case 11, and connecting portions 30A, 30B which connect
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axial inner end portions of the gear portions 28A, 28B and
axial outer end portions of the small diameter portions 29A,
29B together 1n a radial direction.

The gear portions 28A, 28B face each other in the axial
direction in such a way as to sandwich the third cylindrical
wall 46 which 1s formed at a radially inner end portion of the
left-right separating wall 45 of the central case 11M therebe-
tween. The small diameter portions 29A, 29B spline {it in
inner races 31 of aone-way clutch 50, which will be described
later, on outer circumierential surfaces thereof, and the ring
gears 24A, 248 are connected to each other so as to rotate
together with the mner races 51 of the one-way clutch 50.

A hydraulic brake 60 which constitutes a brake unit for the
ring gear 24B 1s disposed on the planetary gear type speed
reducer 12B side and between the second cylindrical wall 44
ol the central case 11M which constitutes the case 11 and the
gear portion 28B of the ring gear 24B 1n such a way as to
overlap the first pinion 26B 1n the radial direction and to
overlap the second pinion 27B 1n the axial direction. In the
hydraulic brake 60, a plurality of fixed plates 35 which are
spline fitted 1n an 1nner circumierential surface of the second
cylindrical wall 44 and a plurality of rotational plates 36
which are spline fitted on an outer circumierential surface of
the gear portion 28B are disposed alternately in the axial
direction, and these plates 35, 36 are engaged and released by
an annular piston 37. The piston 37 1s housed 1n an annular
cylinder chamber which 1s defined between the left-right
separating wall 45 and the third cylindrical wall 46 of the
central case 11M so as to reciprocate freely therein. The
piston 37 1s biased 1n a direction 1n which the fixed plates 35
and the rotational plates 36 are released from each other at all
times by an elastic member 39 which 1s supported a bearing
seat 38 which 1s provided on an outer circumierential surface
of the third cylindrical wall 46.

To describe 1n greater detail, a space defined between the
left-right separating wall 45 and the piston 37 1s made into a
working chamber S 1into which the o1l 1s directly itroduced.
When the pressure of the o1l which 1s mtroduced into the
working chamber S overcomes the biasing force of the elastic
member 39, the piston 37 moves forwards (rightwards), and
the fixed plates 35 and the rotational plates 36 are pressed
against each other for engagement. On the other hand, when
the biasing force of the elastic member 39 overcomes the
pressure of the o1l which 1s introduced 1nto the working cham-
ber S, the piston 37 moves backwards (leftwards), and the
fixed plates 35 and the rotational plates 36 are separated from
cach other for release. The hydraulic brake 60 1s connected to
an o1l pump 70.

In the case of this hydraulic brake 60, the fixed plates 33 are
supported on the second cylindrical wall 44 which extends
from the left-right separating wall 45 of the central case 11 M,
and the rotational plates 36 are supported on the gear portion
28B of the ring gear 24. Therefore, when both the plates 35,
36 are pressed against each other by the piston 37, the plates
35, 36 are irictionally fastened together, and a braking force
acts on the ring gear 24B, whereby the ring gear 24B 1s fixed.
When the engagement by the piston 37 1s released from that
state, the ring gear 24B 1s permitted to rotate freely. Since the
ring gears 24 A, 248 are connected to each other as described
above, when the hydraulic brake 60 1s applied, the braking
force also acts on the ring gear 24 and fixes the ring gear 24 A.
When the hydraulic brake 60 1s released, the ring gear 24 A 1s
also permitted to rotate freely.

A space portion 1s also ensured between the connecting
portions 30A, 30B of the ring gears 24A, 24B which are
disposed opposite to each other in the axial direction. The
one-way clutch 50 1s disposed within the space portion, the
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one-way clutch 50 being configured to transmit power to the
ring gears 24 A, 24B only 1n one direction and to cut off power
acting 1n the other direction. The one-way clutch 350 1s con-
structed such that a large number of sprags 53 are interposed
between the inner race 51 and the outer race 52, and the 1inner
race 51 rotates together with the small diameter portions 29 A,

298 of the ring gears 24A, 248 through spline fitting. In
addition, the outer race 52 1s positioned by the third cylindri-
cal wall 46 and 1s prevented from rotating thereby.

The one-way clutch 50 1s engaged to lock the rotation of the
ring gears 24 A, 24B when the vehicle 3 travels forwards by
the power of the motors 2A, 2B. To describe this 1n greater
detail, the one-way clutch 50 1s engaged when the rotational
power of the motors 2A, 2B 1n a forward direction (a rota-
tional direction when the vehicle 3 1s caused to travel for-
wards) 1s inputted into the wheels Wr, while the one-way
clutch 50 1s disengaged when the rotational power of the
motors 2A, 2B 1n a reverse direction 1s mputted into the
wheels Wr. The one-way clutch 50 1s disengaged when the
rotational power of the wheels Wr 1n the forward direction 1s
inputted into the motors 2A, 2B, while the one-way clutch 50
1s engaged when the rotational power of the wheels Wr in the
reverse direction 1s mputted into the motors 2A, 2B.

In the rear wheel driving system 1 of this embodiment that
1s configured as has been described heretofore, the one-way
clutch 50 and the hydraulic brake 60 are disposed in parallel
on the power transmission path between the motors 2A, 2B
and the wheels Wr. Here, the hydraulic brake 60 1s controlled
between a released state, the weakly applied state, and a
applied state by using the pressure of o1l supplied from an o1l
pump 70 1n accordance with the traveling state of the vehicle
and the engagement or disengagement state of the one-way
clutch 50. For example, when the vehicle 3 travels forwards
(at low vehicle speeds or middle vehicle speeds) by the power
driving of the motors 2A, 2B, the one-way clutch 50 is
engaged so that a power-transmission permitted state 1s real-
1zed. In addition, the hydraulic brake 60 1s controlled to be the
weakly applied state, and therefore even though the one-way
clutch 50 1s disengaged as a result of the input of the forward
rotational power from the motors 2A, 2B being reduced tem-
porarily, 1t 1s possible to suppress the occurrence of a risk such
that power 1s not transmitted between the motors 2A, 2B and
the wheels Wr. Additionally, when the vehicle 3 travels for-
wards by the power driving of the internal combustion engine
4 and/or the motor 5 (at high vehicle speeds), the one-way
clutch 50 1s disengaged, and the hydraulic brake 60 1s con-
trolled to be the released state, whereby 1t 1s possible to
prevent the excessive rotation of the motors 2A, 2B. On the
other hand, when the vehicle 3 1s reversed or 1s decelerated
while regenerating energy, the one-way clutch 50 1s disen-
gaged, and therefore, the hydraulic brake 60 1s controlled to
be the applied state, whereby the reverse rotational power 1s
outputted to the wheels Wr from the motors 2A, 2B, or the
forward rotational power of the rear wheels Wr are inputted
into the motors 2A, 2B.

The o1l pump 70, which 1s one of accessories, 1s fixed to a
front side surface 11f of the central case 11M (refer to FIGS.
4, 5). The o1l pump 70 1s, for example, a trochoidal pump and
1s an electric o1l pump which 1s electrically driven by a motor,
not shown, such as a position sensor-less and brushless direct
current motor or the like. The o1l pump 70 sucks out the o1l
reserved 1n the left and right reservoir portions RL, RR to
lubricate and cool various portions with the o1l via lubrication
flow paths 71A, 71B which are provided 1n various mecha-
nism parts such as the case 11 and the axles 10A, 10B. A
surface of the o1l pump 70 which 1s directed to the front side
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in relation to the front-rear direction, that 1s, a front surface
70a has a plane which 1s perpendicular to the front-rear direc-
tion.

In addition, as shown in FIG. 4, the rear wheel driving
system 1 1s supported on a sub-frame 13 by mount members
13a, 135 and 1s fixed below a floor panel (not shown) of the
vehicle 3 via the sub-frame 13. Additionally, also referring to
FIG. 7, a first and a second connectors 101A, 101B are pro-
vided on front side surfaces 111 of the left side case 11 A and
the right side case 11B, respectively, for electrical connection
of three-phase wires of stator coils which are wound around
the stators 14A, 14B with conductive cables 103A, 103B
which extend from external equipment which 1s not shown.

Further, as shown 1n FIG. 1, an exhaust passageway 80
through which exhaust gas of the internal combustion engine
4 passes 1s connected to the internal combustion engine 4 at
one end portion and extends to the rear side of the vehicle 1n
the front-rear direction thereol and thereafter branches into
left and right portions which pass along both sides of the rear
wheel driving system 1. Namely, as shown in FIGS. 4 to 7, the
exhaust passageway 80 has a common passageway 82 which
1s connected to the internal combustion engine 4 at one end
thereotf and which extends to the rear side of the vehicle, a
branch passageway 83 which 1s connected to the common
passageway 82 and where the exhaust passageway 80
branches into left and right directions, a first exhaust passage-
way 81A and a second exhaust passageway 81B which 1s
branched oil at the branch passageway 83 and which extends
to the rear side, and a diameter-expanded portion 88 which 1s
provided halfway along the common passageway 82 and
where the exhaust passageway 80 1s expanded radially. In this
embodiment, the diameter-expanded portion 88 1s provided at
the other end of a pipe which constitutes the common pas-
sageway 82 and 1s connected to a pipe which constitutes the
branch passageway 83.

Additionally, 1 this embodiment, the common passage-
way 82, the diameter-expanded portion 88 and a common
passageway 83c¢ of the branch passageway 83 which 1s
located before the branch passageway 83 branches 1nto the
first and second branch passageways 83a, 835 constitute a
common portion 89 of the invention.

The first exhaust passageway 81 A passes through a far side
of the first motor 2A 1n relation to the second motor 2B 1n the
alignment direction of the first and second motors 2A, 2B, and
the second exhaust passageway 81B passes through a far side
ol the second motor 2B 1n relation to the first motor 2A 1n the
alignment direction. Additionally, the common portion 89 1s
disposed at end portions of the first exhaust passageway 81A
and the second exhaust passageway 81B 1n a position which
intersects with an imaginary plane P and forms a common
flow path to the first and second exhaust passageways 81A,
81B.

The exhaust passageway 80 configured as described above
1s disposed so as to surround four circumierential surfaces of
the case 11. Namely, the exhaust passageway 80 1s disposed
sO as to surround a first plane S1 which passes through a front
end of the case 11 and which 1s perpendicular to the front-rear
direction of the vehicle 3, a second plane S2 which passes
through a rear end of the case 11 and which 1s perpendicular
to the front-rear direction of the vehicle 3, a third plane S3
which passes through a left end of the case 11 and which 1s
perpendicular to the left-right direction of the vehicle 3, and a
tourth plane S4 which passes through a right end of the case
11 and which 1s perpendicular to the left-right direction of the
vehicle 3.

Specifically, the first exhaust passageway 81 A has an out-
wardly extending portion 84a which extends outwards in the
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left-right direction continuously from the first branch pas-
sageway 83a of the branch passageway 83 and which faces
the first plane S1, an axially extending portion 85a which
extends to the rear side from the outwardly extending portion
84a and which faces the third plane S3, an inwardly extending
portion 86a which extends inwards 1n the left-right direction
as 1t extends to the rear side from the axially extending portion
85a and which faces the second plane S2, and a curved por-
tion 87a which 1s curved further outwards 1n the left-right
direction from the imnwardly extending portion 86a. Thus, the
first exhaust passageway 81 A passes through the left side of
the rear wheel driving system 1 and extends to the rear side.

Additionally, the second exhaust passageway 81B also has
an outwardly extending portion 845 which extends outwards
in the left-night direction continuously from the second
branch passageway 8356 of the branch passageway 83 and
which faces the first plane S1, an axially extending portion
856 which extends to the rear side from the outwardly extend-
ing portion 846 and which faces the fourth plane S4, an
inwardly extending portion 865 which extends inwards in the
left-right direction as 1t extends to the rear side from the
axially extending portion 8356 and which faces the second
plane S2, and a curved portion 875 which 1s curved further
outwards in the left-right direction from the inwardly extend-
ing portion 86b6. Thus, the second exhaust passageway 81a
passes through the right side of the rear wheel driving system
1 and extends to the rear side.

By this configuration, the case 11 can be warmed up from
four sides thereot by the heat of the exhaust passageway 80,
whereby the temperatures of the first and second motors 2A,
2B which are housed 1n the case 11 can be raised. Addition-
ally, the first exhaust passageway 81 A and the second exhaust
passageway 81B are disposed on the first motor side and the
second motor side of the rear wheel driving system 1 1n a
parallel manner, and therefore, the case 11 can be warmed up
while reducing the difference in the heat receiving amount
between the first motor 2A and the second motor 2B in the
alignment direction of the first and second motors 2A, 2B.

Further, the first exhaust passageway 81 A and the second

exhaust passageway 81B include the common portion 89 at
their ends located nearer to the internal combustion engine 4,
and therefore, the heat receiving amount of the first and sec-
ond motors 2A, 2B can be made even.
The exhaust passageway 80 1s disposed so as to ensure a
gap between the case 11 and 1tself along the entire length
thereol to thereby prevent the overheat of the first and second
motors 2A, 2B which would otherwise be caused when the
rear wheel driving system 1 recerves the excessive heat.

In addition, the common passageway 82, the branch pas-
sageway 83 and the diameter-expanded portion 88 are dis-
posed further forwards in the front-rear direction than the o1l
pump 70 which 1s fixed to the rear wheel driving system 1,
that 1s, are disposed further forwards than the front surface
70a of the o1l pump 70. Consequently, the common passage-
way 82, the diameter-expanded portion 88 and the branch
passageway 83 which constitute the common portion 89 of
the exhaust passageway 80, the o1l pump 70 and the rear
wheel driving system 1 are disposed sequentially 1n this order
from the front side, and the branch passageway 83 of the
exhaust passageway 80 and the front surface 70a of the o1l
pump 70 are disposed so as to be opposite to each other.

Then, the o1l pump 70 1s disposed 1n a rear horizontal
projection area P1 of the common portion 89 and 1s also
disposed 1n a rear horizontal projection area P2 of the diam-
cter-expanded portion 88, as shown 1n FIG. 6. Namely, when
seen from the front side, the o1l pump 70 1s disposed so that at
least part of the o1l pump 70 1s put 1n shade by the common
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passageway 82, the common flow path 83c¢ of the branch
passageway 83 and the diameter-expanded portion 88. Addi-
tionally, by this arrangement, the o1l pump 70 1s disposed so
as to intersect with the imaginary plane P extending in the
front-rear direction and passing through the common flow
path 82 (the common portion 89), as shown 1n FIG. 6.

Additionally, as shown 1n FIG. 5, the branch passageway
83 of the exhaust passageway 80 which 1s positioned further
torwards than the o1l pump 70 1s inclined 1n relation to the
front-rear direction so that a near end (rear side) portion to the
o1l pump 70 1s positioned further vertically downwards than a
far end (1ront side) from the o1l pump 70. Because of this, the
first and second branch passageways 83a, 8356 of the branch
passageway 83 and the outwardly extending portions 84a,
84 b of the first and second exhaust passageways 81 A, 81B are
positioned further downwards than the vertically lowermost
surface L of the o1l pump 70 1n a position which 1s further
forwards than the o1l pump 70.

Additionally, as shown 1n FIG. 7, the o1l pump 70 1s dis-
posed so as not to overlap the upper vertical projection area P3
of the exhaust passageway 80. The o1l pump 70 1s disposed
opposite to the exhaust passageway 80 1n such a way as to be
spaced away Ifrom the exhaust passageway 80 by such a
distance that the heat of exhaust gas which passes through the
inside of the exhaust passageway 80 can be transmitted to the
o1l pump 70, and 1s fixed to the front side surface 11/ of the
rear wheel driving system 1.

By this configuration, as shown in FIGS. 4 to 7, while the
vehicle 3 1s running, the running air accompanied with the
running of the vehicle 3 flows from the front side to the rear
side of the vehicle 3 to cool the rear wheel driving system 1
and the like. Additionally, since the o1l pump 70 1s disposed 1n
the rear horizontal projection area P2 of the diameter-ex-
panded portion 88 in addition to the rear horizontal projection
area P1 of the common portion 89, 1t 1s suppressed that the
running air from the front side which 1s further forwards than
the exhaust passageway 80 hits the o1l pump 70. On the other
hand, the running air which 1s warmed up by the heat of the
common portion 89 and the diameter-expanded portion 88
and which flows to the rear side hits the o1l pump 70 to thereby
raise the temperature of the o1l pump 70. Consequently, the
viscosity of the o1l flowing in the 1nside of the o1l pump 70 1s
lowered to thereby reduce the resistance of the o1l pump 70,
thereby making 1t possible to enhance the fuel economy per-
formance of the vehicle 3.

In addition, since the tlow velocity of exhaust gas which
passes through the branch passageway 83 1s slowed at the
branch passageway 83, heat tends to be accumulated in the
branch passageway 83, and more heat can be emitted there-
from, whereby the o1l pump 70 can be warmed up more
clfectively.

While the vehicle 3 1s stopped, since air around the exhaust
passageway 80 which 1s warmed up by the exhaust passage-
way 80 flows vertically upwards, the o1l pump 70 which 1s
disposed so as not to overlap the upper vertical projection area
P3 of the exhaust passageway 80 1s never warmed up by the
air, whereby the overheat of the o1l pump 70 1s prevented.

Thus, as has been described heretofore, according to the
hybrid vehicle 3 of this embodiment, the vehicle 3 has the
internal combustion engine 4 and the rear wheel driving sys-
tem 1 which has the exhaust passageway 80 through which
exhaust gas of the internal combustion engine 4 passes, the
first and second motors 2A, 2B which are connected to the left
and right rear wheels LWr, RWr 1n a power transmissive
manner, and the case 11 which houses the first and second
motors 2A, 2B and which 1s disposed to be spaced away from
the internal combustion engine 4. Then, the rear wheel driving,
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system 1 1s disposed further rearwards than the internal com-
bustion engine 4 1n the front-rear direction of the vehicle 3.
The exhaust passageway 80 extends from the internal com-
bustion engine 4 towards the rear side of the vehicle 3 and 1s
disposed so as to surround the first plane S1 which passes
through the front end of the case 11 and which 1s perpendicu-
lar to the front-rear direction of the vehicle, the second plane
S2 which passes through the rear end of the case 11 and which
1s perpendicular to the front-rear direction of the vehicle 3, the
third plane S3 which passes through the left end of the case 11
and which 1s perpendicular to the left-right direction of the
vehicle 3, and the fourth plane S4 which passes through the
right end of the case 11 and which 1s perpendicular to the
left-right direction of the vehicle 3. This enables the case 11 to
be warmed up from the four sides thereof by the heat of the
exhaust passageway 80, whereby the temperatures of the first
and second motors 2A, 2B which are housed 1n the case 11
can be raised.

Additionally, the exhaust passageway 80 1s connected to
the internal combustion engine 4 at the one end portion
thereol and includes the first exhaust passageway 81 A which
passes through the far side of the first motor 2A in relation to
the second motor 2B in the alignment direction of the first and
second motors 2A, 2B and the second exhaust passageway
81B which passes through the far side of the second motor 2B
in relation to the first motor 2A in the alignment direction.
Consequently, the first exhaust passageway 81A and the sec-
ond exhaust passageway 81B are disposed parallel on the first
motor side and the second motor side of the rear wheel driving
system 1, and therefore, 1n comparison with a situation where
the first exhaust passageway 81A and the second exhaust
passageway 81B are disposed 1n series on the first motor side
and the second motor side of the rear wheel driving system 1,
the case 11 can be warmed up while reducing the difference in
the heat receiving amount between the first motor and the
second motor 1n the alignment direction.

Further, the first exhaust passageway 81 A and the second
exhaust passageway 81B include the common portion 89
where the first and second exhaust passageways form the
common flow path which are situated nearer to the internal
combustion engine 4 than to the first plane S1. The common
portion 89 i1s disposed in the position where the common
portion 89 intersects with the imaginary plane P which 1s
perpendicular to the alignment direction and which 1s posi-
tioned at an equal distance from the first and second motors
2A, 2B. Consequently, since the common portion 89 1s dis-
posed at the equal distance from the first and second motors
2A, 2B and nearer to the internal combustion engine 4 than to
the first and second motors 2A, 2B, the heat recerving amount
of the first and second motors 2A, 2B can be made even.

In addition, the o1l pump 70 which 1s disposed on the front
side surface 11/ of the rear wheel driving system 1 which can
receive the heat from the exhaust passageway 80 1s disposed
in the rear horizontal projection area P1 of the common por-
tion 89. Therelfore, while the vehicle 1s running, the running
air which 1s warmed up by the heat of the exhaust passageway
80 flows to the rear side to hit the o1l pump 70 to thereby raise
the temperature of the o1l pump 70 effectively. On the other
hand, while the vehicle 1s stopped, since the heat of the
exhaust passageway 80 rises vertically upwards, 1t 1s possible
to prevent the excessive heat from transmitting to the oil
pump 70.

Further, since the exhaust passageway 80, the o1l pump 70
and the rear wheel driving system 1 are disposed sequentially
in this order from the front side in the front-rear direction, the
rear wheel driving system 1 1s not disposed 1n front side of the
o1l pump 70, whereby 1t 1s possible to prevent the occurrence
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ol a situation 1n which the rear wheel driving system 1 cuts off
the heat from the exhaust passageway 80 and the raising of the
temperature of the o1l pump 70 1s disturbed.

Since the exhaust passageway 80 and the front surface 70a
of the o1l pump 70 1s disposed opposite to each other without
other members interposed therebetween, the heat of the pas-
sageway 80 1s not cut off by the other members, whereby the
heat of the exhaust passageway 80 can be transmitted to the
o1l pump 70.

In at least part of the exhaust passageway 80 which 1s
positioned further forwards than the front surface 70a of the
o1l pump 70 1n the front-rear direction, the lower surface
thereot 1s disposed further downwards than the vertically
lowermost surface L of the o1l pump 70. Therefore, while the
vehicle 1s running, the running air which 1s warmed up by the
heat of the exhaust passageway 80 rises while flowing to the
rear side. Consequently, in comparison with a situation where
the lower surface of the exhaust passageway 80 1s disposed
turther upwards than the vertically lowermost surface L of the
o1l pump 70, the portion where the heat of the o1l pump 70 can
be received 1s increased, thereby making it possible to warm
up the whole of the o1l pump 70 with good efficiency.

The branch passageway 83 of the exhaust passageway 80 1s
formed to be inclined so that the end nearer to the o1l pump 70
1s disposed further vertically downwards than the end nearer
to the mternal combustion engine 4, and therefore, 1n com-
parison with a situation where the exhaust passageway 80 1s
formed horizontal, the rear horizontal projection area P1 of
the exhaust passageway 80 can be increased. Additionally, 1in
comparison with a situation where the exhaust passageway 80
1s formed to be 1inclined so that the end far from the o1l pump
70 1s disposed further downwards than the end nearer to the
o1l pump 70, the o1l pump 70 can recerve more of the running
air that 1s warmed up by the exhaust passageway 80 to rise
from the lower side thereol, whereby the temperature of the
o1l pump 70 can be raised with good elficiency.

The front surface 70a of the o1l pump 70 has the plane
which 1s perpendicular to the front-rear direction, and there-
fore, the running air that 1s warmed up by the exhaust pas-
sageway 80 hits the front surface 70a of the o1l pump 70 1n an
ensured manner, whereby the raising of the temperature of the
o1l pump 70 can be executed 1n a more ensured manner.

The o1l pump 70 1s disposed 1n the rear horizontal projec-
tion area P2 of the diameter-expanded portion 88 in addition
to the rear horizontal projection area P1 of the exhaust pas-
sageway 80, and therefore, the o1l pump 70 can be warmed up
by the heat of both the exhaust passageway 80 and the diam-
cter-expanded portion 88. Additionally, the running air 1s cut
off by the diameter-expanded portion 88, and therefore, there
1s no such a situation that the running air hits directly the oil
pump 70.

The o1l pump 70 1s disposed outside the upper vertical
projection area of the exhaust passageway 80, and the o1l
pump 70 1s not disposed above the exhaust passageway 80.
Therefore, there 1s no such a situation that the heat rising
vertically upwards from the exhaust passageway 80 while the
vehicle 1s stopped hits the o1l pump 70. Consequently, 1t 1s
prevented that the o1l pump 70 1s overheated to thereby reduce
the viscosity of the o1l therein extremely low while the vehicle
1s stopped.

Since the o1l pump 70 1s the electric o1l pump which 1s
driven electrically, there 1s no such a situation that the oil
pump 70 1s heated directly while the vehicle 1s stopped,
whereby 1t 1s possible to prevent the reduction in performance
of the motor of the o1l pump 70.

In addition, since the internal combustion engine 4 1s dis-
posed 1n the position where 1t intersects with the imaginary
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plane P, that 1s, 1s disposed on the central dividing plane of the
rear wheel driving system 1, the lengths of the first and second
exhaust passageways 81 A, 81B can be made substantially the
same, whereby the heat recerving amount of the first and
second motors 2A, 2B can be made even.

Additionally, the rear wheel driving system 1 includes

turther the first and second planetary gear type speed reducers
12A, 12B 1n addition to the first and second motors 2A, 2B.
The first motor 2A and the first planetary gear type speed
reducer 12A are connected to the left rear wheel LWr of the
vehicle 3 1n a power transmissive manner, and the second
motor 2B and the second planetary gear type speed reducer
12B are connected to the right rear wheel RWr of the vehicle
3 1n a power transmissive manner. The first motor 2A 1s
disposed on the lef side 1n the left-right direction, and the
second motor 2B 1s disposed on the right side 1n the left-right
direction. The first and second planetary gear type speed
reducers 12A, 12B are disposed 1nside the first and second
motors 2A, 2B 1 the left-right direction. Namely, since the
first and second motors 2A, 2B are disposed side by side in the
left-right direction, 1n comparison with a situation where the
first and second motors 2A, 2B are disposed side by side in the
front-rear direction, 1t 1s possible to suppress the difference 1n
the heat receiving amount of the first and second motors 2A,
2B to a low level, whereby the first and second motors 2A, 2B
can recerve the heat evenly.

In general, the motors 2A, 2B have more elements per unit
space than the planetary gear type speed reducers 12A, 12B.
In this embodiment, the motors 2A, 2B which have more
clements per unit space are disposed further outwards 1n the
left-right direction, and theretfore, the first and second motors
2A, 2B can recerve the heat from the exhaust passageway 80
cificiently.

Further, the respective rotational axes of the first motor 2A,
the first planetary gear type speed reducer 12A, the second
motor 2B and the second planetary gear type speed reducer
12B are disposed on the same axis x. The first planetary gear
type speed reducer 12A 1s disposed on the power transmission
path between the first motor 2A and the left rear wheel LWr,
and the second planetary gear type speed reducer 12B 1is
disposed on the power transmission path between the second
motor 2B and the right rear wheel RWr. The power transmis-
sion path between the first motor 2A and the first planetary
gear type speed reducer 12A has the hollow structure due to
the cylindrical shaft 16 A, and the axle 10A which constitutes
the power transmission path between the first planetary gear
type speed reducer 12A and the left rear wheel LWr 1s inserted
through the inside of the hollow structure. In addition, the
power transmission path between the second motor 2B and
the second planetary gear type speed reducer 12B has another
hollow structure due to the cylindrical shatt 16B, and the axle
10B which constitutes the power transmission path between
the second planetary gear type speed reducer 12B and the
right rear wheel RWr 1s mserted through the inside of the
another hollow structure. Consequently, the rotational axes of
the four rotational members are made to coincide by the
hollow structures, whereby it 1s possible to suppress the radial
enlargement of the case 11. Additionally, the distances from
the exhaust passageway 80 to the first and second motors 2 A,
2B can be made even, and therefore, the heat receiving
amount of the first and second motors 2A, 2B can be made
even.

Additionally, by using the planetary gear mechanisms as
the first and second planetary gear type speed reducers 12A,
12B, the large reduction gear ratio can be given in the compact
configuration.
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Further, the first and second planetary gear type speed
reducers 12A, 12B are formed by connecting the ring gears

24 A, 24B to each other, and therefore, the first and second
motors 2A, 2B, which are 1n contact with the case 11 over a
larger surface area than the speed changers 12A, 12B, are
connected by the ring gears 24 A, 24B of the first and second
planetary gear type speed reducers 12A, 12B. This enables
heat to be transmitted between the first and second motors 2 A,
2B, which prevents only one of the first and second motors
2A, 2B from being overheated.

Additionally, the exhaust passageway 80 1s disposed so as
to ensure the gap between the case 11 and itself over the entire
length thereof. Namely, the exhaust passageway 80 1s never
brought into contact with the rear wheel driving system 1 over
the entire length thereof, whereby there exists no direct heat
transmissive relationship therebetween. This prevents the
overheat of the first and second motors 2A, 2B which would
otherwise be caused when the rear wheel driving system 1
receives the excessive heat.

The internal combustion engine 4 1s connected to the front
wheels W1 of the vehicle 3 1n a power transmissive manner,
and the internal combustion engine 4 which 1s connected to
the exhaust passageway 80 for warming up the case 11 con-
stitutes the driving source of the vehicle 3. This enables the
temperatures of the motors 2A, 2B to be raised by the heat of
the internal combustion engine 4 which 1s generated when the
internal combustion engine 4 generates the driving force of
the vehicle 3, which obviates the necessity of disposing a
separate member such as a heater or the like.

It 1s desirable that the o1l pump 70 1s disposed, as has been
described above, 1n a middle portion of the front side surface
11/ of the rear wheel driving system 1 in relation to the
left-right direction such as the rear horizontal projection area
P1 of the common portion 89 where more heat 1s emitted or
the rear horizontal projection area P2 of the diameter-ex-
panded portion 88 which occupies the large area. However, as
in a modified example shown 1n FIG. 8, for example, an o1l
pump 70 may be disposed on arear surface 11/ of arear wheel
driving system 1. In this case, the o1l pump 70 1s disposed 1n
a rear horizontal projection area of an exhaust passageway 80
via the rear wheel driving system 1.

Also 1n a vehicle 3 adopting the modified example, the o1l
pump 70 1s warmed up by running air which 1s heated by
exhaust gas which passes through the exhaust passageway 80
while the vehicle 3 i1s running, and while the vehicle 1s
stopped, the overheat of the o1l pump 70 1s prevented.

Second Embodiment

Next, a hybrid vehicle according to a second embodiment
of the invention will be described by reference to FI1G. 9. Like
reference numerals will be given to the same or similar por-
tions to those of the first embodiment, and the description
thereot will be omitted or simplified.

An exhaust passageway 80 of this embodiment differs
from that of the first embodiment 1n that a first exhaust pas-
sageway 81A and a second exhaust passageway 81B do not
have a common passageway 82 but include their own 1nde-
pendent diameter-expanded portions 88a, 885 and are con-
nected to an internal combustion engine 4 separately at end
portions thereof.

Specifically speaking, the first exhaust passageway 81A
has the diameter-expanded portion 884, an outwardly extend-
ing portion 84a which extends outwards 1n a left-right direc-
tion from the diameter-expanded portion 88a, an axial
extending portion 85a which extends to the rear side from the
outwardly extending portion 84a, an inwardly extending por-
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tion 86a which extends inwards 1n the left-right direction as 1t
extends to the rear side from the axial extending portion 8354,
and a curved portion 87a which 1s curved further outwards 1n
the left-right direction from the imnwardly extending portion
86a, and passes through the left side of a rear wheel driving
system 1 to extend to the rear side.

Additionally, the second exhaust passageway 81B has the
diameter-expanded portion 885, an outwardly extending por-
tion 84b which extends outwards 1n the left-right direction
from the diameter-expanded portion 885, an axial extending
portion 855 which extends to the rear side from the outwardly
extending portion 845, an mmwardly extending portion 865
which extends inwards 1n the left-right direction as it extends
to the rear side from the axial extending portion 855, and a
curved portion 87b which 1s curved turther outwards 1n the
left-right direction from the inwardly extending portion 865,
and passes through the right side of the rear wheel driving
system 1 to extend to the rear side.

By this configuration, the exhaust passageway 80 of this
embodiment 1s also disposed so as to surround a first plane S1
which passes through a front end of a case 11 and which 1s
perpendicular to a front-rear direction of the vehicle 3, a
second plane S2 which passes through a rear end of the case
11 and which 1s perpendicular to the front-rear direction of the
vehicle 3, a third plane S3 which passes through a left end of
the case 11 and which 1s perpendicular to the left-right direc-
tion of the vehicle 3, and a fourth plane S4 which passes
through a right end of the case 11 and which 1s perpendicular
to the left-right direction of the vehicle 3. This enables the
case 11 to be warmed up from the four sides thereof by the
heat of the exhaust passageway 80, whereby the temperatures
of the first and second motors 2A, 2B which are housed 1in the
case 11 can be raised.

Other configurations and functions are the same as those of
the first embodiment.

The mvention 1s not limited to the embodiments that have
been described heretofore and hence can be modified or
improved as required.

In the embodiments, while the hybrid vehicle 1s described
which has the front wheel driving system 6 which includes the
internal combustion engine 4 and the motor at the front por-
tion of the vehicle and the rear wheel driving system 1 which
includes the first and second motors 2A, 2B and the first and
second planetary gear type speed reducer 12A,12B at the rear
portion of the vehicle separated from the internal combustion
engine 4, the invention 1s not limited thereto and hence can be
applied to any vehicle as long as i1t has an internal combustion
engine 4 to which an exhaust passageway 80 1s connected and
a driving system which 1s disposed away from the internal
combustion engine 4 and which includes a first and second
motors 2A, 2B.

For example, a rear wheel driving system 1 which 1s dis-
posed at a rear portion of a vehicle may be configured as
shown 1in FIG. 10A, in which a first and a second motors 2A,
2B are connected to a left and right rear wheels LWr, RWr 1n
a power transmissive manner without a first and a second
speed changers. Additionally, a front wheel driving system 1a
which has a first and a second motors 2A, 2B and a first and a
second speed changers 12 A, 12B may be configured as shown
in FIG. 10B, 1n which the drniving system 1a 1s disposed at a
front portion of a vehicle 1n such away as to be disposed away
from the internal combustion engine 4 which 1s disposed
turther forwards than the driving system 1a and drives left and
right front wheels LW1, RW1. Further, a front wheel driving
system 1a which 1s disposed at a front portion of a vehicle
may be configured as shown in FIG. 10C, 1n which a first and
a second motors 2A, 2B are connected to left and right front
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wheels LWT1, RWT 1n a power transmissive manner without a
first and a second speed changers.

In the embodiments, while the two motors 2A, 2B are
housed 1n the single case 11, the invention i1s not limited
thereto, and hence, the motors 2A, 2B may be housed 1ndi-
vidually 1n separate cases.

Further, the exhaust passageway 80 of the invention may be
configured to include a catalytic converter or a muitler which
1s connected to an exhaust pipe, and the catalytic converter or
the mutiiler may be configured to surround partially the first to
tourth planes. The diameter-expanded portions 88, 88a, 885
are constituted by a catalytic converter.

The exhaust passageway 80 1s not limited to those
described 1n the embodiments as long as the first to fourth
planes can be surrounded thereby and hence should be
designed according to the shape of the housing or a lower
configuration of the floor panel.

For example, 1n the first and second exhaust passageways
81A, 81B, the axial extending portions 85a, 8556 are formed
so as to protrude most near the position where they intersect
with the axles 10A, 10B, that 1s, the axis x 1n the front-rear
direction. However, the axial extending portions 85a, 855
may be formed 1nto a straight line along the front-rear direc-
tion.

While the mvention has been described 1n detail and by
reference to the specific embodiments, 1t 1s obvious to those
skilled in the art to which the invention pertains that various
alterations or modifications can be made thereto without
departing from the spirit and scope of the mnvention.

This patent application 1s based on Japanese Patent Appli-
cation (No. 2012-117618) filed on May 23, 2102 and Japa-

nese Patent Application (No. 2012-194331) filed on Sep. 4,
2012, the contents of which are incorporated herein by refer-
ence.

DESCRIPTION OF REFERENCE NUMERALS
AND CHARACTERS

1 Rear wheel driving system (driving system)

1a Front wheel driving system (driving system)

2A First motor

2B Second motor

3 Hybnd vehicle

4 Internal combustion engine

11 Case (housing)

11/ Front side surface (outer surface of driving system)

11/ Rear surface (outer surface of driving system)

12A First planetary gear type speed reducer (first speed
changer)

12B Second planetary gear type speed reducer (second
speed changer)

16 A, 16B Cylindrical shaft

70 O1] pump (electric o1l pump)

70a Front surface of o1l pump (surface of o1l pump which
1s directed to front 1n front-rear direction)

80 Exhaust passageway

81A First exhaust passageway

81B Second exhaust passageway

82 Common flow path

83 Branch passageway (branch portion)

88, 88a, 886 Diameter-expanded portion

89 Common portion

L. Vertically lowermost surface

P Imaginary plane

X AxXis

S1 First plane

S2 Second plane
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S3 Third plane

S4 Fourth plane.

The invention claimed 1s:

1. A hybrid vehicle comprising;:

an internal combustion engine;

an exhaust passageway through which exhaust gas of the
internal combustion engine passes; and

a driving system having;

a first and a second motor which are connected to wheels
of the vehicle to enable to transmit power; and

a housing which houses the first and the second motors
and disposed away from the internal combustion
engine, wherein:

the driving system 1s disposed further rearwards than the
internal combustion engine in a front-rear direction of
the vehicle; and

the exhaust passageway extends from the internal combus-
tion engine towards a rear side of the vehicle and 1s
disposed so as to surround:

a first plane which passes through a front end of the housing
and which 1s perpendicular to the front-rear direction of
the vehicle;

a second plane which passes through a rear end of the
housing and which 1s perpendicular to the front-rear
direction of the vehicle:

a third plane which passes through a left end of the housing,
and which 1s perpendicular to a left-right direction of the
vehicle; and

a fourth plane which passes through a right end of the
housing and which 1s perpendicular to the left-right
direction of the vehicle.

2. The hybnd vehicle according to claim 1, wherein:

the exhaust passageway 1s connected to the internal com-
bustion engine at one end portion thereof and includes:

a first exhaust passageway which passes through a far side
of the first motor 1n relation to the second motor 1 an
alignment direction of the first and the second motors;
and

a second exhaust passageway which passes through a far
side of the second motor 1n relation to the first motor 1n
the alignment direction.

3. The hybnd vehicle according to claim 1, wherein:

the driving system further includes a first and a second
speed changers 1n addition to the first and the second
motors;

the first motor and the first speed changer are connected to
a leit wheel of the vehicle to enable to transmit power;

the second motor and the second speed changer are con-
nected to a rnight wheel of the vehicle to enable to trans-
mit power;

the first motor 1s disposed on a left side 1n the left-right
direction, and the second motor 1s disposed on a right
side 1n the left-right direction; and

the first and the second speed changers are disposed inside
the first and the second motors in the lett-right direction.

4. The hybnd vehicle according to claim 1, wherein

the exhaust passageway 1s disposed so as to define a gap
with respect to the housing over an entire length thereof.

5. The hybnd vehicle according to claim 1, wherein

the mnternal combustion engine 1s connected to wheels of
the vehicle to enable to transmit power.

6. The hybnd vehicle according to claim 2, wherein:

the first exhaust passageway and the second exhaust pas-
sageway include a common portion where the first and
the second exhaust passageways form a common flow
path at a portion closer to the internal engine than to the
first plane; and
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the common portion 1s disposed at a position 1ntersecting
with an 1imaginary plane which 1s perpendicular to the
alignment direction of the first and the second motors
and which 1s disposed at an equal distance from the first
and the second motors.

7. The hybnd vehicle according to claim 2, wherein

the iternal combustion engine 1s disposed in a position
intersecting with an 1maginary plane which 1s perpen-
dicular to the alignment direction of the first and the
second motors and which 1s disposed at an equal dis-
tance from the first and the second motors.

8. The hybrid vehicle according to claim 6, further com-

prising an o1l pump which 1s disposed on an outer surface of
the driving system and which can recerve heat from the

exhaust passageway, wherein

the o1l pump 1s disposed 1n a rear horizontal projection area
of the common portion.

9. The hybnd vehicle according to claim 8, wherein

the exhaust passageway, the o1l pump and the driving sys-
tem are disposed 1n this order from a front side in the
front-rear direction.

10. The hybrid vehicle according to claim 8, wherein

the exhaust passageway and a surface of the o1l pump
which 1s directed to a front side 1n the front-rear direction
are disposed opposite to each other.

11. The hybrid vehicle according to claim 8, wherein

at least a portion of the exhaust passageway which 1s posi-
tioned fturther forwards 1n the front-rear direction than a
surface of the o1l pump which 1s directed to a front side
in the front-rear direction 1s disposed further downwards
than a lowermost surface of the oil pump 1n a vertical
direction.

12. The hybrid vehicle according to claim 8, wherein

a surface of the o1l pump which 1s directed to a front side in
the front-rear direction 1s formed so as to have a plane
perpendicular to the front-rear direction.

13. The hybrid vehicle according to claim 8, wherein:

a diameter-expanded portion where the exhaust passage-
way 15 expanded radially 1s provided along the exhaust
passageway in a position which 1s further forwards than
the o1l pump 1n the front-rear direction; and

the o1l pump 1s disposed 1n a rear horizontal projection area
of the diameter-expanded portion in addition to the rear
horizontal projection area of the common portion.
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14. The hybrid vehicle according to claim 8, wherein

the o1l pump 1s disposed outside an upper vertical projec-
tion area of the exhaust passageway.

15. The hybrid vehicle according to claim 11, wherein

the exhaust passageway 1s formed so as to be inclined in the
front-rear direction so that a side closer to the o1l pump
1s lower than a side closer to the internal combustion
engine in the vertical direction, at a portion which 1s
further forwards in the front-rear direction than the sur-
face of the o1l pump which 1s directed to the front side 1n
the front-rear direction.

16. The hybrid vehicle according to claim 14, wherein

the o1l pump 1s constituted by an electric o1l pump which 1s
clectrically driven.

17. The hybrid vehicle according to claim 3, wherein:

respective rotational axes of the first motor, the first speed
changer, the second motor, and the second speed
changer are disposed on a same axis;

the first speed changer 1s disposed on a power transmission
path between the first motor and the left wheel;

the second speed changer 1s disposed on a power transmis-
sion path between the second motor and the rnght wheel;

a power transmission path between the first motor and the
first speed changer has a hollow structure;

a power transmission path between the first speed changer
and the left wheel 1s 1nserted through an 1nside of the
hollow structure;

a power transmission path between the second motor and
the second speed changer has another hollow structure;
and

a power transmission path between the second speed
changer and the right wheel 1s 1nserted through an 1nside
of the another hollow structure.

18. The hybrid vehicle according to claim 3, wherein

the first and the second speed changers are formed by
connecting together at least one element which consti-
tutes the first speed changer and at least one element
which constitutes the second speed changer.

19. The hybrid vehicle according to claim 17, wherein

the first and the second speed changers are planetary gear
mechanisms.
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